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AN NTC LIVE FIRE PERFORMANCE ANALYSIS

EXECUTIVE SUMMARY

The training benefits derived by units training at the *eionaT-
Training Center (NTC) have been of considerable interest to the

. U.S. Army. The Army Research Institute (ARI) has developed and
initiated a programmatic research effort to assess these benefits.
As a preliminary step in this effort, an exploratory data analysis
of the performances of battalion task forces on the live-fire
range at the NTC was conducted. As stated by Tukey (1977) the
purpose of exploratory data analysis is to be detective in nature
not confirmatory. Thus, the investigation reflects incursions
into the data designed to explicate the structure of the data
rather than to confirm a particular model of the data. Using the
data provided in 54 Take Home Packages for the period of early
1982 to late 1984, it was possible to examine battalion
performance for three live-fire scenarios: Defend from a Battle
Position (Day), Defend from a Battle Position (Night), and
Movement to Contact (Day). The presentation of these data was
organized around three primary issues:

(1) Has battalion performance changed over time at the NTC?
(2) How do the performances of the Armor and Mechanized

Infantry Task Forces differ?
(3) What factors seem to be related to performance at the

NTC?

Using the "percentage of target kills" data as an indicator
of meaningful unit performance on the live-fire range at the NTC
and comparing the battalion performances in the first 18 months
with those of the next 12 months of a 2-1/2 year period (early
1982 to late 1984), this study found that:

(1) The percent of targets killed by the tanks of the Armor
and Mechanized Infantry Task Forces increased between the first
and second periods of this study.

(2) The increase in percent of targets killed between the
first and second periods was attributable to both one-time
visitors to the NTC and to repeat visitors to the NTC. Therefore,
the differences in performance was a function of some phenomena
associated with time and not just some advantage factor acquired
through repeat visits to the NTC as might be expected.

(3) The change in performances on the live-fire ranges was
probably not a function of the activities involved in the
operation of the live-fire range by NTC cadre; i.e.., the live-fire
exercises were conducted in a uniformly consistent manner
throughout the 2-1/2 year period of this study.

(4) The change in percent of target-kills over time was not
related to gunnery accuracy as this did not change over time.
However, a significant increase in the volume of tank rounds fired

vii



bv both the Armor and Mechanized Infantry Task Forces in the
second period was likely related to the observed increase in
target kills.

(5) The increase in rounds fired was related to an increase
in number of tanks assigned to the task forces (particularly to
the mechanized units) in the second period and to an increase in
the number of rounds fired per tank.

(6) A positive and statistically significant relationship
was found between the number of rounds fired per tank and the
percent of enemy killed. This relationship was strongest for the
day attack and day defend missions.

Ji
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"INTRODUCTION

The training benefits derived from units training at the

National Training Center (NTC), Fort Irwin, California, have been
a subject of great interest to the U.S. Army ever since the
activation of the NTC in 1981. The Army Research Institute (ARI)
has developed a research program which includes the assessment of
these benefits as one of the key research technical objectives.
Critical to the accomplishment of this technical objective is the
analysis of the performance data of battalion task forces which
have trained at the Fort Irwin facility. As an initial step in
this research effort, an exploratory data analysis of the
performances of the units which trained on the live-fire range at
the NTC was conducted. It is important at this point to clarify
cthe nature of exploratory data analysis, particularly as it
relates to confirmatory analysis, as used in this study.

"* Exploratory data analysis has emerged as a separate,
legitimate form of data analysis in the social sciences within the
past ten years. This has resulted from the work of the
statistician, John Tukey, who created many of the specific
techniques now applied within this framework. Tukey (1977)
describes exploratory data analysis as being detective in
character, while confirmatory data analysis is judicial or quasi-
judicial in character. Exploratory data analysis can never be the
whole story but nothing else can serve as the foundation stone --
as the first step. Thus. the nature and purpose of exploratory
data analysis is to provide a description or picture of the data,
with the approach taken to explicate a set of data necessarily
being idiosyncratic to the situation. This approach has been
succinctly summarized by Hartwig and Dearing (1979): "Exploratory
data analysis is interactive and iterative. There is no invariant
procedure by which the exploratory data analyst takes a data set
and automatically generates the smooth and the rough. Indeed,
different exploratory analysts may legitimately apply different
techniques and even find different structures in the same set of
data." It is clear from this statement that an exploratory data
analysis is in fact a series of analyses the results of which fuel
other excursions into the data and hence further analyses. A
three step course Is generally recommended (Hartwig and Dearing,
1979) in proceeding with an exploratory analysis: (1) Understand
each variable as a separate entity. (2) Understand pairs of
variables and relationships. (3) Understand groups of variables
as models. The limitations of space and time have restricted the
present study to the first two of these steps.

thes
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To facilitate presentation, the analytic results have been
organized around three general issues:

(1) Has battalion live-fire performance changed over time at~the NTC?

(2) Now do the live-fire performances of the Armor and"' ! Mechanized Infantry Task Forces differ?

(3) What factors seem to be related to live-fire performance
at the NTC?

The results relevant to these questions provide the basis forpreliminary insights into the benefits gained and the factors
influencing gain at the NTC.

The remainder of this report has been organized into foursections. The initial section (Background) provides a briefdescription of the Live-Fire exercises at the NTC. The secondsection (Procedure) presents the details of the technical approachto the above issues. The third section (Results) presents thefindings of the analysis used to address the study issues. Ashort conclusion section follows the presentation of the results.

I2



BACKGROUND

Each battalion task force in this study performed three
missions on the live-fire range. These missions were:

- Defend from a Battle Position (day)
- Defend from a Battle Position (night)
- Movement to Contact (day)

The live-fire defense training area consists of terrain.
targets, and control mechanisms which present an attack by two
enemy battalions against the defending task force . A diagram of
the live-fire defense facility is in Figure 1. Live-fire cadre
operate the training facility from the control bunker. The target
scenario is computer driven. Cadre members control the target
array to adjust for unit positioning and for the employment of
obstacles. The live-fire cadre coordinate range activities with
the observer controllers who accompany the unit and the Tactical
Operations Center (TOC) personnel who provide the command and
control functions over the battalion task force player unit.

The live-fire team also orepares and operates the live-fire

offense facility. A diagram of the offense training area is shown
in Figure 2. The live-fire controllers move with the task force
in the offense and activate the enemy targets by the use of radio
signal transmitters. The senior observer controller coordinates
the presentation of targets to achieve unit tactical training
objectives.

For each brigade rotation, one battalion task force performs
on the live-fire range during the middle of its rotation while the
other battalion task force from the brigade undergoes the live-
fire training at the end of its rotation. It should be noted that
the typical Brigade rotation includes one Armor Task Force and one
Mechanized Infantry Task Force. A sample 14-day rotation schedule
for each brigade rotational cycle appears below:

'4

MISSIONS CONDUCTED MISSIONS CONDUCTED

r? ..... conducted the following missions T7 ------ conducted the following missions

during their NTC training period: during their NTC training period:

DATE MISSION DATE MISSION

Deliberate Attack Delibpratp Day Attack
Defend in Sector Deliberate Night Attack

Defend Battle Position (Day) (LFX) Defend in Sector
Defend Battle Position (Night) (LFX) Defend Battle Position
Movement to Contact (LFX) Mnvement to Contact

Movement to Contact Delay in Secor
Defend (to Retain) Battle Position Defend Battlp Position (Day) (LFX)

Deliberate Night Attack Defend Battle Positaon (N'.ght)(LFX)
Movement to Contact Movpment tc, :' ntact (LFX)

4 3
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PROCEDURES

This section of the report describes the technical approach
used to investigate the three study issues. It has been organized
into three sub-sections: Scope. Data Source, and Data Analysis.
Each of these provides the technical details necessary to fully
evaluate the results to be presented in the next section.

Scope

The live fire data used for this investigation were drawn
from the battalions that went through the NTC in the period of
early 1982 through late 1984. This period was selected because of
the relative stability of the NTC training environment during that
time. Information gathered through interviews with NTC personnel
and a review of relevent NTC documents has indicated that the
live-fire range was operated in a consistent manner for each
battalion rotation during this period.(1) More specifically, the
inquiry revealed the following information:

(1) The targets exposed were generally the same for each
battalion; i.e., their distribution and presentation were
presented in accordance with similar scenarios that allowed each
battalion an equal opportunity to engage the targets under like
conditions. The average number of targets exposed was slightly
higher for each battalion during the second period, though this
difference was statistically significant for only one of the three
missions (see Table 1 for the individual significance test
results).

(2) Each battalion generally occupied the same positions on
the defensive missions and traveled the same route during the
"Movement to Contact" mission. Thus, line of sight to the exposed
targets was similar for all battalions (Figures 1 and 2 of this
report present a schematic diagram of the general unit position
locations with respect to target locations).

(3) The same procedures for scoring target hits and kills
were followed throughout the 2-1/2 year period. Thus, hits and
kills were credited in a consistent manner for each battalion
rotation.

(4) A review of the observer controller comments in the Take
Home Packages did not reveal any pertinent information concerning
changes which might have influenced performance during this
period.

Therefore, based on the above information, it was felt that
performance in this period could be investigated with some
confidence that factors external to the battalion task force were
constant and not likely to be a major contributor to differential
performance.

6



The live-fire data were extracted from fifty-four (54) Take
Home Packages (THP). These data represented the live-fire
performances of 96% of the battalion task forces that trained at

4 the NTC from early 1982 to late 1984. Data from the remaining 4%
(2 battalions) of the task forces were either not available, or
erroneous due to target equipment malfunctions on the live-fire
range. It was felt that exclusion of this small amount of data
from the investigation would not adversely affect its
generalizablity or statistical power.

The live-fire results reported in the THP generally included
the following data.

- Number of Targets
r.. - Percent of Targets Killed

- Tank Rounds Fired
- Tank Round Hits and Kills
- Tow/Dragon/Viper Laser Firings
- Tow/Dragon/Viper Laser Hits and Kills

These data presented ample opportunities for conducting
preliminary research on battalion task force performances at the
NTC. The performance data was first extracted from the Take Home
Packages and consolidated onto tables as shown in Tables 1-1
through 1-3, Appendix I. Using these data, a computer data base
was established to assist in sorting and analyzing the data. In
all cases, unit designations were omitted to preserve unit
anonymity.

Data Analysis

As indicated at the start of this report, an exploratory data
analysis (Tukey, 1977) approach was employed in this study. This
resulted in a series of analyses being conducted and all aimed at
understanding the structure of the data from the live-fire range
at the NTC. Specifically, analyses were aimed at satisfying the
first two objectives of the exploratory data analysis approach
(Hartwig and Dearing, 1979):

(1) Understand each variable as a separate entity.
(2) Understand pairs of variables as relationships.

A number of data analytic techniques were applied to the
live-fire data base. The initial efforts used univariate
descriptive statistical techniques. The results of these were
used to generate a picture of performance at the NTC. Generally,
the results were transferred into graphic display. Somewhat more
sophisticated techniques including T-tests and regression were
used to examine bivariate relationships between different factors
and performance at the NTC. The results from these techniques
have been tabled for inclusion in this report.

@4 7



,. An important decision influencing the results contained in
this report was the selection of a primary variable as measure of
task force performance. Of the available variables, the one which
seemed to most directly reflect overall unit performance was the
PERCENTAGE OF ENEMY TARGETS KILLED.

It was also decided that because this report was designed to
provide some early insights into unit performance changes at the
NTC. only individual battalion performances would be considered
and analyzed. That is, their performances would not be aggregated
and analyzed at the brigade and division levels. However, an
analysis of that order would be a logical follow-on to this
analysis once a better understanding of the performance data at
the battalion level is developed. For the same reason, only the
effects of the tank ballistics are considered in this study
although the performance of the Tows/Dragon/Viper laser firings on
the live-fire range might also be investigated for a subsequent
study. However, a review of the live-fire data in Appendix I shows
that the tank ballistics data provides a more meaningful analysis
due to the greater variablity in that data as compared to the
narrow range in values for the Tow/Dragon/Viper laser data.(2)

4.,
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RESULTS

As indicated in the introduction to the report. three issues
were selected for investigation here. The results for each of the
issues are presented separately, below. The conclusions based on
these findings are presented in the subsequent section.

Has Oattalion Task Force Perf Cgr!aq Chnge Over Time at the NTC?

The answer to this issue provides some insight into the
possibility of improved battalion task force performance at the
NTC. Clearly, if one views the NTC as a measuring stick for
battalion performance then it is critical to know whether
performance is getting better, worse, or staying the same.

This issue was addressed initially by examining the
performance of all battalions that visited the NTC over time.
Figures 11-1 through 11-6 in Appendix II show bar charts of the
percent of targets killed by all battalions for the period early
1982 through late 1984. The data in these bar charts show a clear
trend towards an increasing percentage of targets being killed in
the latter period of the rotation schedule. The statistical
summary of the live-fire performances supports the graphic
depiction and is presented in Table 1. next page (in order to
perform a statistical analysis of this trend, two periods were
arbitrarily selected for comparison; e.g.. the last 12 months of
performance data was compared with the previous 18 month
performance data).

As can be seen from Table 1. the units which trained at the
NTC during the last 12 months had a higher average percent kill
rate for all three missions than did those units which trained in
the first 18 month period. The table shows that for the mission of
"Defend from a BP (Day)". the combined percentage of targets
killed by the Armor and mechanized units improved by 5.86% in the
second period (from 29.95 % to 35.81%). In the "Movement to
Contact" mission the improvement was 1O.12% (from 28.47% to
38.59%). This difference was statistically significant at the
p<.O1 level.

A review of Table 1 also reveals a significant increase in the
number of tank rounds being fired during the second period. This
increase was statistically significant (p<.O1) for both the
offensive and night defensive missions. The number of targets

*1 also increased to some degree, though this was only significant
(p(.01) for the night defensive mission. The importance of these
factors are discussed later in this section.

The data used in the analysis reported above were derived
from all the Battalion Task Forces in the study period. Some of

10



TABLE I

Live-Fire Performance Summary of all Battalion Task Force

Rotations (Armor and Mech Combined)

Mission Defend fron Defend fram ovement to
SP (Day) SP (Night) Contact (Day)

i SD I SD X SD
First % TOTS
Period KILLED BY
(First TASK RS /29.95 15.56 /11.17 9.35 123.47 6.32
16 Nola)---

TANK RDS
(n-30) FIRED 169.72 100.75 130.76 80.27 299.02 158.32

* 30~N. or
TOTS
EXPOSED[ 65.33 4 44 62.10 6.6 64.10, 12.93

Second % TOTSPeriod KILLED BY
(Last. TANK 5 35.61 12.45 14.33 10.1 36.59 14.10
12 M4o's)----

TANK5
(no26) FIRED 231.961 1J .90 222.00 96.07 469.361166.61

I0 
F

U3PTO RD 65.571 .69 66.63 6.16 70.421 11.50

Statistical significance of if ference between rforsances of
first penl and second period

P p< .05
P < .01

3.16% Improvement

5.86% Improvement 10.12% Improvement

41



the battalion task forces were actually the same battalion on a
repeat visit to the NTC while the remainder were one-time visitors
to the NTC. To determine whether the apparent improvement over
time was due to the repeat visits of certain battalions or to some
other phenomenon, separate analyses were conducted for battalions
that visited the NTC once versus those that made repeat NTC
visits.

Performance of One-Time NTC battalions. Figures 11-7
through 11-12. Appendix II, present the bar charts of the percent
of targets killed by the one-time visitors to the NTC. As with
the above analysis of all battalions together. the one-time
visitors to the NTC appear to have performed better in the latter
period of the rotation schedule, particularly in the "Movement to
Contact" offensive mission.

Comparing the last 12 months of performances with the earlier
performances (Table 2. next page), we find increases in all three
missions although none of the differences were statistically
significant. The increases were 6.74% for the day defense (from
25.10% to 31.84%). 3.81% for the night defense (from 12.21% to
16.02%). and 9.5% for the offense (from 29.71% to 39.21%).

Performance of Egat pqEformer s a the NTC. There were
thirteen (13) battalions with repeat visits to the NTC during the
period under study. Twelve battalions had two rotations and one
had three rotations for a total of 14 repeat performances. The
average time lapse between repeat rotations was 15 months with the
periods ranging from 8 to 21 months.(3)

Figures 11-13 through 11-15. Appendix 11. present the bar
charts of the performances of these 13 repeat NTC visitors. They
show that of the 42 repeat performances (fourteen for each of the
3 missions), 24 showed improvement in the follow-on rotations. 4
showed no improvement, and 9 showed a decrease in subsequent
performance. There were five cases where no data was available.
The "Movement to Contact" mission showed the most cases of
improved follow-on performances (11 out of 14 rotations). It
should also be noted that 12 of the 14 repeat performances
occurred in the last 12 months of the 2-1/2 year period under
consideration.

The results of the statistical analysis of this data is
presented in Table 3. page 17. The analysis compares the
battalion's performance with its subsequent performance.

1I!12



, TABLE 2

Live-Fire Performance Summary of Battalion Task Forces With One-
Time Rotations (Armor and Mech Combined)

'-p

Mission Defend from Defend from ovement to
BP (Day) BP (Night) Contact (Day)

, SD X SD SD

First % TGTS
Period KILLED BY
(First TANK RDS /25.10 14.79 /12.21 010.31 /29.71 7.67

is Mls)TANK RDS s
(n-15) FIRED 144.57 63.39 1 14.14 80.9? 279.40 170.65

NO. OF
TGTS
EXPOSED 85.00 6. 82.93 3. 0 61.29 15.73

Second 4 TGTS
Period KILLED Y
(Last TANK RD 31.84 9. 5 16.02 11. IB8 39.21 17.30
12 Mo'$)- ---

TANK S
(n-14) FIRED 196.00 115136 206.07 80. 417.33 179.27

NO. 0

TGTS
EXPO D 86.18 3.03 88.46 6.0a 67.06 15.42

Statistical s gnIficance of d fference between performanceo of
first period and second period p < .05

•p < .01

3.81* Iprcvement

6.74% Improvement 9.5% Improvement

13



The results presented in Table 3. next page. show a slight
improvement in the day and night defensive missions between first
and subsequent rotational visits (+3.30% for the day defense,
+0.48% for the night defense). However, the "Movement to Contact"
mission shows a statistically significant increase (at the p(.01)
of 11.66%. It is interesting to note that the one statistically
significant improvement found in the analysis of all battalions
together (Table 1) was for this same mission. In fact, the size
of the increase is very similar (11.16% compared to 10.12%).

A comparison was made between the first performances of the
battalions which had repeat visits to the NTC with the

'.K performances from one-time NTC battalions for the same approximate
*time period to see if the two groups could be considered

comparable. This analysis produced no statistically significant
(p<.05) results. Thus, it would appear that the two groups could
be considered as similar and from the same statistical population.

The previous results clearly show that performance, as
measured by the percent of targets killed, has increased at the
NTC. Investigation of whether this might be due to the repeat
visits of some of the battalions produced mixed results. That is.
some statistical support for that notion was provided by the
results for the" Movement to Contact" mission; however, no
evidence was found for the other two missions. In fact, the
difference in performance for one-time NTC battalions across the
two periods was greater than that for the repeat battalions. It
would seem, then, that the increase in performance cannot be
attributed primarily to experience gained by repeat NTC visits.

I1
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TABLE 3

Live-Fire Performance Summary of Battalion Task Forces With Repeat
Rotations (Armor and Mech Combined)

Mission Defend from Defend from Movement to
BP (Day) BP (Night) Contact (Day)

i SD K SD X SD
% TOTS
KILLED BY

First TANK RDS 34.56 15.80 11.06 0.36 26.13 6.20
4 Rotation - -

(n=13) TANK RDS
FIRED 236.86 113.16 161.00 87.70 326.866 40.49

NO. OF

TGTS - -
EXPOSED 84.93 1. 9 81.00 12. 7 65.50 9.01

% TGTS
KILLED Y

Subse- TANK 37.66 13.96 11.54 7. 7 37.79 9.94
quent - -

Rotations TANK S 
(n-14) FIRED! 248.931 1.34 227.38 110.5, 465.29 166.35

NO. 0
TGTS /
EXPO ED 64.86 2.18 88.461 6.3 74.07 13.65

" Statistical IgnIficance of /difference between performances of
first rotatio and subsequent otations:

(r ' p < .05
/" p < .01

0.48% Improvement

3.30% Improvement 1l.66% Improvement

4
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IIQ the Performances of the Armor ang Mechanized Infantry TaIk

The second issue investigated in this report concerns the
question of whether the Armor Task Forces and the Mechanized Task
Forces have similar performance characteristics. Again.
performance is examined across time and for all battalions, one-

. time battalions, and repeat battalions.

All battalions. When considered separately by Armor and
Mechanized Infantry Task Forces (Table 4, next page), the
combined performances of one-time visitors and repeat visitors in
the second period continued to reflect improvement over the first
period with the exception of the day defensive mission for the
armor units which showed a slight decrease in the percent of
targets killed. The overall improvement in the combined three
missions for the mechanized units was 31.08% target kills as
compared to 7.26% for the armor units (sum of the means of the
second period minus sum of the means of the first period). The
differences between the first and second periods of performance in
the offensive and day defensive missions for the mechanized units
were statistically significant at the p<.05 level. The data also
reflected a higher percent of targets being killed by armor units
throughout the two periods under study as evidenced by the total
of the means for both type organizations.

Therefore, while the armor battalions averaged a higher
percentage of target kills throughout the two periods, the
mechanized infantry had a better improvement rate for those same
two periods.(4)

One-time battalions. The investigation of the one-time NTC
visitor performances, when analyzed separately by armor and
mechanized units (Table 5, page 20). again shows an increase in
the performances on all three missions by both types of units.
Applying the same computational procedures used in the Table 4
discussion, we find that the largest improvement took place among
the mechanized units (20.95% compared with 14.77% for armor). The
armor units, however, killed a greater percentage of the targets
over this period of time (an average of 28% kills for the armor
units versus 22% kills for the mechanized units).

Re2SeA batta I igns. For battalions which visited the NTC more
than once, the performances of the armor and mechanized units are
reported in Table 6, page 21. The largest improvements occurred
in the mechanized units (28.19% net improvement in the mechanized
units versus 5.48% improvement in the armor units). Although the
armor units again achieved a higher percent of target kills, their
performance actually decreased in two of the three missions
between first and subsequent rotational visits as noted at Table
6.

Posliblg c.uses for Rerformance differences. One of the
possible causes for the change in performance noted in the

16



TABLE 4

Live-Fire Performance Summary of All Battalion Task Force
Rotations (Armor and Mech Separately)

I. Mechanized infantry Taek Forces

mission Defend from Defend from Movement to
IF (Day) aP (Night) Contact (Day)

Sfirst % TOTS
Period KILLED 27 4y
(Firet TANK RDS .7 .. 5 O.. . 2. 57.5

IS o'S)
TANK DS o

(nsIS) FIRED 144.50 60.92 87.27 60.44 19.07 64.44

NO. OF
TOTS
MEXOSID 66.00 e. 19 72I1 o 59.36 1S.9S

Second % TOTS
Period KILLED BY
(Last TANK RDI 34.24 16.00 13.43 7.03 37.4 IS.39 a 85.13%

TANK DI .. 40 2
(ni121 FIRED 220.70 129.42 17S.36 63.04 456.36 152.01

,o. OF Xx -Xi 2+31.08%
TOTS X-X 43.8
"XPOS9E 65.60 2.90 66.75 1.51 72.91 6.96 2 1

11. Armor Task force.

Mnion Defend from Defend from veant to
_5 (Day) BP (Night) Contact (Day)

N-- -) - - -I so- E so X so
ft First U TOTS
SPeriod KILLED ST

% (Fire? TANK -I 36.13 16.90 13.81 10.45 32.54 6.9614019 o'), "1 ZX 84.48%1M TANK MDI - -

* (n.1S) FIRED 231.93 101.33 164.93 76.91 404.20 139.33

50. of -

TOTS
EXPOSED 64.67 1.29 64.20 1.90 66.53 7.35

Second % TOTS
Period KILLED BY
(Lat TAn RD$ 37.0: 9.41 15.14 12.55 39.5. 13.46 - 91.74*

* 12 No' X- 9
TANK MDS 2

(n13) FIRED 240.62 116.05 264.75 107.02 460.38 186.94

-0. OF
TOTS *1i -1X -&+7.26%EXPOSED .)3 2.631 8.92 7.03 65 31 13.26 2 1

Staistical significance of difference between performance of
first period and second period;

( g.05
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TABLE 5

Live-Fire Performance Summary of Battalion Task Forces With One-
Time Rotation (Armor and Mech Separately)

1. Mechanized infantry Tae Forces

Mission Defend from Defend from ovement to
SP jDay) BP (Night) Contact (Dty)

L AS. g sn x S
First % TOTS
Period XILLID BY
(First TANK RDS 20.67 7.60 6.95 6.34 26.07 9.36 55.69%
16 mo'e) -

TANK XDS S

(no6) FIRED 102.29 37.51 79.43 62.37 163.30 90.33

NO. OF
TOTS 0

EXPOSED $1.00 6.49 02.2 5 4.9 53.43 11.27

Second % TOTS
Period KILLED By
(Last TANK ADS 26.37 13.65 12.72 4.29 37.95 20.20 iX 76.64%
12 -o'*) 2

TANK DS 1 S

(no$) FIRED 110.00 76.91 153.60 47.61 362.00 171.49

NO. of 2 -+20.95%

TOTS * 2
EXPOSED 1 6.50 3.00 69.61 6.66 70.60 13.94

11. Armor Task Forces

Mission Defend from Defend from Movesent to
6? (Day) BP (Night) Contact (Day)

s0, So E, so
First % TOTS
Period KILLED 8T

(First TANK ADS 30.19 19.07 19.46 12.86 33.39 6.62 1 7 78.96a
16 Mo') -

TANK ADS
(n-7) FIRED 186.86 99.92 146.06 06.61 389.14 179.13

NO. OF
TOTS

EXPOSED 64.43 1.13 03.71 2.36 69.14 7.63

Second % TOTS
Period KILLED By
(Last TAXN iDS 34-97 5.59 15.35 19.05 40.40 16.52 IX 93.75%
12 Mo'e) -- 2

TANK RDS 0

(In?) FIRED 20S.14 76.90 243.43 0O.17 442.57 194.74

NO. OF
TOTS
EXPOSED 64.6 2.27 67.43 9.90 64.43 17.19 -

2 1

Statistical significance of difference between performance of
first period and second period:

p .0S
p ( .01
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TABLE 6

Live-Fire Performance Summary of Battalion Task Forces With Repeat
Rotations (Armor and Mech Separately)

i. mechanized Infantry Task forces

Nision Defend from Defend from Movement to

SP (Day) SP (Night) Contact (Day)

, ',i so so s

KILLID ST "
Firat TASKI RDS 23.67 10.33 6.33 10.56 19.44 6.45 IX u 51.44%
Rotation -

(n-4) TASK MOS
riRv 195.67 96.35 69.67 10.69 213.63 $6.46

NO. 
of'

2XPOS 65.00 1.67 75.20 19.48 43.17 11.21

u KILL 70 16

Sub**- TAXIr RD$ 31.40 1T.53 to-so T.85 37.43 11.0 9.63%
quent I -1 2
Rotations TANI ADS ;G

(In?) ?TRUIO 210.60 90.72 174.00 42.01 460.43 164.92

Mo. o Ix Ix -.2,19
T0s 2 1
'X7WOSD 84.00 0.00 46.60 4.22 75.14 2.54

It. Armor Task forces

Nilon Defend ftra Defend from Movement to
aP (Day) BP (Night) Contact (Day)

KILLED BT
Frst TAN AD 142.73 14.47. 12.23 7.86 31.14 5.32 ;x 86*.101
Rotation - -

(n=) TANK ADS
FIED 271.25 118.64 200.14 74.43 411.63 109.11

NO. o

UPOSED 64.66 1. 6 64.63 1.41 .67.23 7.19

Subse- TANK ADS 41.44 11.10 12.00 6.36 36.14 9.53 .X = 91.58%
qu~ent P.0 w 2

Rotation TANK ADS
(n-7) o TIMD 270.22 12B.78 259.50 129.95 501.14 179.36

NO. r -T.2 5.48
TOTS

x;,SsM 65.33 2.651 6.38 7.71, 73.00 4.43 2 2

Statistical significa co of difference between first rotation

performance and subse nt r tatlona:

S *e p ( .01

:e-rease !n perfcr-3nce
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analyses above is that the configuration of the task forces
changed during the period under study. Specifically, the task
forces began to convert from the H-series MTO&E to the J-series

.4 structure during the latter months of the 2-1/2 year peried
studied here. This conversion resulted in the addition of an
average of seven tanks per Mechanized Infantry Task Force (the
task force average went from 11.30% to 18.75%) during the last
twelve months with the greatest change taking place during the
last eight months. However, the conversion had little impact upon
the strength of the Armor Task Forces where the average number of
tanks increased by two tanks. going from 25.67 to 27.69 tanks.

The change in the number of tanks certainly contributed to
the findings in paragraphs above which showed that the Armor Task
Forces killed more targets but that the Mechanized Infantry Task
Forces had a greater improvement record between the first and

*" second periods. The impact of the number of tanks upon
performance is discussed in the next section.
What Other Factors Seem t9 be Related to Performance at the NTC?

The analysis addressing the previous two issues provided not
only a univariate understanding of NTC performance but also the
relationship of that performance to two other factors: time and
battalion task force type. This issue expands the investigation
to two other factors which might influence or be related to NTC
live-fire performance: gunnery accuracy and volume of fire. The
results from the analysis of these factors are presented
separately below.

Gunnery accuracy. Table 7. next page, presents the "rounds
per hit" and "rounds per kill" data which represent the accuracy
of the tank crews.

The data on the Mechanized Infantry Task Forces show an
overall decrease, albeit slight, in accuracy between the first and
second periods (0.73 additional rounds required per kill and 2.69
additional rounds per hit in the second period) while the Armor
Task Forces show a slight increase in gunnery accuracy (2.04 fewer
rounds required per kill and 2.94 fewer rounds required per hit in
the second period). These slight differences between periods
appear to rule out increased accuracy as a major reason for the
increased performance between the two periods. In fact, none of
the statistical comparisons between the two time periods produced
significant differences. Therefore, it seems unlikely that
gunnery accuracy is a factor contributing to the change in
performance observed in the earlier data.
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TABLE 7

Comparison of Rounds Per Hit and Rounds Per Kill For Armor and

Mechanized Task Forces

1. mechanized Infantry T as frres

Mission: Defend from Defend From Movement to mean

or (Day) or (Night), Contact (day) of

first so so I
period
(First Rde/9111 7.81 3.55 21.3 30.35 16.S3 5.26 14.72..

Is so'e)
n-iS Rds/Rit 3.40 1.64 7.62 6.26 ?.14 3.26 6.08 +0.73

Second

period ds,'Kill 9.03 7.62 16.55 11.75 16.77 6.60 1.45" - .

(Last +2.6912 oO)

n-16 Rds/slt 5.34 4.42 11.96 9.0 6.12 3.74 8.741

i. Armor Task Forces

Mission: Defend from Defend from MovemOtet to mean

OP (Day) 3P (ight) Contact fda ) of

First K SO SD I SO K

Period
(First Rde/ill 8.39 4.63 36..14 55.36 18.43 5.97 20.99

n-1S Rd*/Rit 3.72 2.22 20.98 55.05 9.70 3.11 13.60_
-2.04

Second
Period Rds/911 7.61 3.37 29.923 10.1 19.30 6.70 16.551

(Last
12 mo'$) '--,..-2 .94
n-16 Rde/Nit 3.67 1,06 19.46 13.23 9.46 6.10 10.6
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Y qg2 of fire. The second area investigated as a possible
factor relating to the change in percentage of targets killed was
the volume of fire. This area was examined using two different
but related measures. The first was the absolute number of tank
rounds fired per mission. This measure provides an overall
indication of the volume of fire for any particular live-fire
mission. However, since the volume of fire measured in this way
is clearly dependent upon the number of tanks (which changed
during the study period), a second measure, number of tank rounds
fired per tank, was also analyzed. This measure which controlled

" . for the number of tanks participating on a mission provided a
better comparative yardstick for investigating the relationship
between volume of fire and percentage of targets killed.

The initial step in investigating volume of fire was to
determine whether it had changed over time at the NTC. Table 8
below is an extract from Table 3 showing the number of rounds
fired by all Armor and Mechanized Infantry Task Forces in the
first and second periods. The number of rounds increased quite
dramatically from the first to second period for each mission (the
differences are statistically significant for three of the six
cases). The greatest increase in rounds fired was in the
"Movement to Contact" mission. The average increase in number of
rounds fired by the Mechanized Infantry Task Forces was higher
than that of the Armor Task Forces (+141.86 for Mechanized
Infantry compared to +61.56 for Armor).

TABLE 8

Comparison of Tank Rounds Fired Between First and Second Periods

.D!Ozs D72IS2 OFTENS8
, 'TIM2 MISSION M ISSION mission

PERIOD TY (DAY) (1G16T) (DAY)
0i

i i i MEAN of

r , FIRST

P.ERZo N 144.30 87.27 19.07 142.2\
(FIRST *+,141.86 Rouinds
1s NO'S) a 231.93 164.93 404.20 267.02

SECOND so 60

PERIOD M 220.70 17536 . 36 24.14 61.56 Rounds

(LAST 7
12 NO'S) A 240.62 264.71 460.38 328.1 -

Statisttcal significance of difference in X's between first WAd
second periods: 0 p< .03

o• p< .01
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The increase in volume of fire noted here was at least
partially due to the increase in the number of tanks between the
two periods. However. it was also possible that an increase in
the rounds fired per tank may have contributed. To investigate
whether this was the case. the rounds per tank for the two periods

% were compared.

This comparison showed that indeed the average number of
rounds per tank increased over the two time periods.

Specifically, the Mechanized Task Force increased from 12.93
rounds per tank to 15.61 in the second period. The Armor Task
Force also increased by slightly less than two rounds per tank
(going from 10.51 to 12.04). Both of these changes were
statistically significant (p<.05). Thus, the increase in total
fire volume can be seen to be due both to the increase in tanks
and an increase in rounds per tank.(5)

The above results show that an increase in targets killed
coincided with an increase in tanks and an increase in rounds
fired. This suggests that an increased volume of fire per tank
may provide for an increased percentage of target-kills. To
explore this further, an analysis of the association between the
number of rounds fired per tank by each battalion with that
battalion's target kill percentage was performed. The purpose of
this analysis was to investigate whether there was statistical
credence for a relationship between performance and rounds fired
per tank when controlling for the variance in the number of tanks
across the battalion. Note that unlike previous analyses, the
time period was not directly a consideration in this analysis
although that variable is addressed in the Figures and discussion
below.

Separate analyses were conducted for each mission. The
results of the analysis of all three missions are included in
Figures 111-1, 111-2, and 111-3 in Appen-ix III. The analysis
took the form of a two variable regression using, as indicated
above, the percent of targets killed and the number of rounds
fired per tank for a battalion.(5) The results from this analysis

* provide an indication of the nature of the relationship between
these two variables and could potentially be used for eventual
prediction of battalion performance in the future.

" For the offensive mission a statistically significant and

positive relationship was found between the average number of
rounds fired per tank and the percent of targets killed by that
battalion. The regression analysis produced a line depicted in
Figure III-I. page III-i. As can be seen, the slope of the line is
positive, indicating that the greater the number of rounds fired
per tank, the greater the percent of targets killed.
Specifically, the slope indicates that an increase in one round
fired per tank throughout a battalion results in .75 percent more
targets killed for that battalion. Thus, there was somewhat less
than a one-to-one relationship between the number of rounds fired
and the percent of targets killed. It should be noted that the

23



.5

number of rounds fired explained 17% (statistically significant
P<.01) of the variability in the performance observed in the
percent of targets killed by battalions at the NTC.

Similar and somewhat stronger results were found for the day
defend mission as can be seen in Figure 111-2. page 111-3. Again.
the results were statistically significant (P<.O1) with a positive
slope between the two variables. The slope of this line is such
that for each incremental increase of one round per tank
throughout the battalion, there is an increase of some 1.5% of
targets killed for that battalion. Thus. for this mission, a
greater than one-to-one return is achieved on the incremental
round per tank. Further. the regression of this single variable
accounts for slightly more than 20% of the total variation in the
percent of targets killed.

The results for the night defend mission. Figure 111-3, page
111-5. were not quite as strong as for the previous two missions.
though they were still statistically significant (p<.05). In this
case the regression of the number of rounds fired per tank
accounted for about 10% of the total variability in the percent of
targets killed. It is interesting to note that the slope of this
regression line(.984) indicated that with each additional round
fired per tank that one could expect about an additional one
percent additional loss of enemy targets. Lastly, an examination
of the plot of this relationship shows that part of the lower
predictability for this mission is probably a result of the skewed
distribution for rounds fired per tank. This distribution is
positively skewed with most of the observations having values
falling between 4 and 10 rounds per tank. To some extent this
skewness is probably attenuating the correlation between these two
variables.

Although these data were analyzed independent of the
chronological event, the plots indicate the time period for each
data point; i.e.. the symbol I indicates units from the first
period (first 18 months) and the symbol 2 indicates units from the
second period (last 12 months). Using the intercept of the means
for the number of rounds per tank and the percent of targets
killed as a comparison point (denoted in the Figures by a "+I"), we
find that:

(1) In the offensive mission, 13 of the 16 battalions that
exceeded both means were from the second period;

(2) For the day defensive mission, 10 of the 14 battalions
that exceeded both means were from the second period, and:

(3) In the night defensive mission. 10 of the 14 battalions
which exceeded the means were from the second period.

It is apparent from these analyses that volume of fire, as
measured by the rounds per tank for a battalion, is positively
related to the percentage of targets killed. This implies that a
unit with higher rounds per tank will achieve greater results at
the NTC. The translation of this finding into practice is
something which requires additional study at the process level.
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CONCLUSION

Using the "percentage of target kills" data as an indicator
of meaningful unit performance on the live-fire range at the NTC
and comparing the battalion performances in the first 18 months
with those of the next 12 months of a 2 1/2 year period (early
1982 to late 1984). this study found that:

(1) The percent of targets killed by the tanks of the Armor
and Mechanized Infantry Task Forces increased between the first
and second periods of this study.

(2) The increase in percent of targets killed between the
first and second periods was attributable to both one-time
visitors to the NTC and to repeat visitors to the NTC. Therefore.
the differences in performance was a function of some phenomena
associated with time and not just some advantage factor acquired
through repeat visits to the NTC as might be expected.

(3) The change in performances on the live-fire ranges was
probably not a function of the activities involved in the

* operation of the live-fire range by NTC cadre; i.e.. the live-fire
exercises were conducted in a uniformly consistent manner

- throughout the 2-1/2 year period of this study.

(4) The change in percent of target-kills over time was not
related to gunnery accuracy as this did not change over time.
However, a significant increase in the volume of tank rounds fired
by both the Armor and Mechanized Infantry Task Forces in the

p.- second period was likely related to the observed increase in
target kills.

(5) The increase in rounds fired was related to an increase
in number of tanks assigned to the task forces (particularly to
the mechanized units) in the second period and to an increase in
the number of rounds fired per tank.

(6) A positive and statistically significant relationship
was found between the number of rounds fired per tank and the
percent of enemy killed. This relationship was strongest for the
day attack and day defend missions.

pQ2
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END NOTES

I Information provided through an interview with the former
Chief of NTC Operations Group. Col. (Ret.) Shackelford. who held
the position during the period covered by this report; Report
entitled "National Training Center Perspectives. February 8.

*I 1985". Take Home Packages.

2 The Hit and Kill data of the TOW's/DRAGON/VIPER laser firing
weapons reflected sub- par performances as compared to the tank
ballistics. Although gunnery skills may have had a bearing on

*" tnat outcome, the problems associated with the inability of the
l aser to penetrate smoke and dust on the live-fire range probably
had a significant impact on the overall performances of these
weapons systems.

3. A two-way analysis of variance was performed for each mission
employing type of unit (Mechanized Infantry or Armor) and time
period (first 18 months versus last 12 months) as the two factors
in the design The time period factor was statistically

[ significant (p<.05) for all three missions. The type of unit
factor was found to be statistically significant (p<.01) only for
the day defensive mission. The interaction effect was not
significant in any of the analyses.

4. While the employment of a measure which incorporates the
number of tanks into its calculation should control the influence
of that term. two analyses were conducted to determine the degree

*" of that control. First. correlations between number of tanks and
rounds per tank were computed. These were done for all missions
and time periods. With one exception (Year 2 day attack mission
r = -. 48). the correlations were not significantly different from
zero Further, an analysis of covariance was performed using
number of tanks as a covariate, time period as the independent
factor and rounds per tank as the dependent measure. The results
of these analyses parallel those for the T-tests on time period
reported in the body of this report.

5 A multiple regression analysis by mission was also performed.
The model included number of tanks and rounds per tank, the
results of these analyses indicated a better overall fit to the
data than that for the simple bivariate regression reported in the
text. The squared multiple correlation coefficients for the three
missions (Day Attack. Day Defend, and Night Defend) were .35, .53,
and .13 respectively. Each of these was statistically
significant, with the first two exceeding the .01 level and the
last satisfying the .05 level. The improvement in fit (as
measured by the increase in proportion of variance accounted for)
was 18%. 33%. and 3%. The first two of these were statistically
significant.

The focus of the present discussion on rounds per tank is
consistent with the intent of these analyses to uncover factors
related to performance which might possibly be influenced by
training.
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Table 1-1

Performance Data for Defensive Mission (Day)

IF R~ . Int I (33±0 US o II /I ll"Ifu I1LE / " NISU T Eu 1111
ITTM fleByI/oTil Flan

A 76 4

2 A 14 24 I67 57 3 Z2 9 2 2 2 1
4 64 71 I9 4 6 32 33 326 TV ? a I

*3 A 64 24 12 i11 1 20 5 4 36 7 3 3 12
qt 44 to 111 26 4 13 7 2 62 33 1 2 43

I A 011 40 4 1111 2 35 7 2 37 3 32 2 39
ft 64 12 1211 34 4 to 32 1 371 2 It9 171

3 4 4 29 In 43 5 24 1 4 43 9 3 14
.1 t U 24 33t4 44 7 23 I5 3 64 i4 3 3 21

# 4 7 34 15 9 4 2 2 19 1 It 3
1 64 23 362 2 36.531~ 4 3

A 14 U6 329 124 3 47 7 4 34 14 3 3 5
11 64 26 264 41 4 22 32 17 G/4 24 all 14 It
A is6 43 213 65 4 3 7 3 43 9f 43
ft 14 34 s 32 4/a 12 8/4 ili * I s sit 2 114a

9 A 64 It 372 23 It If 3 is 22 4 31
4 64 I9 133 23 4 14 14 132 33 3 3 If
A6 64 64 242 4 3 54 5 2 2b 5 3 2 3

1 4 UP 347 A1 25 7 1 22 32 it 4 31
p34 6 no 3195 4 47 33 33 1& 2 7

IN 64 31 343 35 4 25 1 32 334 29 to 16 2
32 A 14 so 173 be 3 S2 5 5 a1 I 1 4 It

A 64 to 43 42 2 is 4 12 73 26 4 it I
33 A #4 45 236 333 2 31 4 1 Is 6 I7 I

R 64 2b 941 fl7 22 4 ;6#.2 26 4 15
34 $ 4 47 2?1 So 3 U 5 2 2 1 ?3 2 3

4 64 "3 344 41 2 2A 4 27 IN6 54 2 23 5
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N 64 15 73 24 3 3 1 1 Ili 12 to 7 1
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4 Va 1/4 all 1/4 18 bi a a id/ sa 11/41 / all 1" a *la1 A 4 4 33 311 111 4 24 35 1 32 12. 1 I 32V4 6 2011 32 17 38 4 33n a 22 5 17
it A9 14 26 0 43 3 17 2 40 36t 2 21

r 4 64 42 29 1 4 35 4 23 11 2 l~
26 a 4 31 i 7 3 32 4/ % 14 81 3 *,

IN 1 37 in9 41 2 33 if 9 5 4 2 4
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Table 1-2

Performance Data for Defensive Mission (Night)

Knol FS 4 UVTU Ff2I 1110 lIP 111ZU0S

0 IN TV W.71131 1ILL11 w I MIT$ Will 9111 111/9I11 1k 1(9 V IN IIl fIt/NIT KILU 1 3/1111

A 1 4 r/4 1n/@ VAl 44 11/4 n/a a oilt Ala all life Il/a

U r/4 a/$ rn/4 a/# ala a/a a/a Vo/ a l al 4/ 6

1 31 70 31 1 35 24 1 1 1 1 1

1 * 3 2 / 212 I a 21 2 2 2 I/ 2l 4 ai 14 Ala~

01 q4 05 44 0 4 0 2 4 2
3- 111 34 5 4 2 If I 5 2 2

4 It 111 22 2 2 2 22 3 15 22
234 2 21 3 2 0 39 a I5 2
24 44 20 20 3 14 3 Is to

A 34 5 0 5 24 4 4 221 3 2 01
it*34 2 43 24 2 t 31 2 30 4 20 2 26

3 04 5 127 9 4 4 32 0 4 2 53 * 1
22 A 34 0 127 22 22 3 V4 2 5s3 3 2 1 6?

1 34 0 2 3 3 0 0 1 25 0 13 1
23 A 34 14 261 39 it 22 22 Is3 2 32 #

A 4 32 210 13 2s 2 91 2 20 2 20 2 43
A 34 1 101 14 5 If If # 1 I # 21 3
A 37 5 2 5 13 a 2 19 0 2 #

A4 I m 34 23 255 24 4 25 20 0o I40 3 0
1 34 24 17 23 1 4 4 0 4 27 33 6

12 A 24 if 12 52 1 12 It 2 73 1 0o *

x3 6 4 20 42 24 0 0 40 # 0 0 23 1 1
is A 34 :4 23 39 4 72 23 1 3 1 34 1 J2

i4 A 92 33 23 4 42 0 57 1 25 1 If I Is
I IN 22 23 14 2 1 24 0 37 1 0 3 3A

Is A 34 2 123 49 6 2 2 3 0 2 0 0 0 *
I it 31 17 22 10 7 4 2 79 1 1 1 17

22 A '2 to 222 6 24 is 24 3 24 1

22 a 4 14 2172 2 23 3 1, 04 3 2a 1 33

o% : a 255 is 32 4 1 it I i s Io IN
23 6 4 49 1,17 42 3 7 7 0 2 A 04 I to

24 A 34 22 23 ?9 23 S 7 5 0 0 1 05
N 4 24 242 24 it 14 1 0 I 0 0 0

25 A I4 23 2951 22 a 22 27 2 n4 2 27 2 :

21 a t2 5 In 7! 24 1 22 0 13 1 1 1 #

4 7 2 27i 40 5/ I2a I it j I t o 0

*22 A 64 It 1 3 19 9 421 U 1 5 23 21 1 I

Z3 '4 41 :24 2, 20 , N I,2312 2
A45 jj 21 - -51 1__ -1 14_ L L 0

:hN 6 t 12 24 21 02 11 $1 1 1

t ~ ~ ~ ~ ~ ~ VsO 2514 :32 1 1 7 3 1 2

4 1-24al 4/ / l 14 46 4a / l
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Table 1-3

Performance Data for Offensive Mission (Day)

wUwM 11' Color '111 L1IN)

*K 111 1 111. rol Iiu mU *? ~ ? 1LjRILL" [W I Nis 11PMT fu i I [ID TIl/, NIm o it (hIS U t ILL

A 54 33 334 4 1 39 19 1 all 1 844 1 1/0
3 4 M it f 19 94 @I3 3 al l 6/4 @4* ea

31 4 231 Am 31 it 35 ?1 2 32 3 12 I 32
U 19 IN 133 19 1 1& 19 8 3 9 9 14

3 l7 32 249 39 9 23 33 32 111 16 1 9 2
* 70 it 'I7 49 is Is V3 4 46 21 2

4 A 73 29 439 49 9 It 21 Ali a/& Ale @4a 4/ a
I.* 37 22 119 37 5 6 22 24 77 17 4 9 1

S 9 3 31 34 4 7 if 19 22 32 31 3 13 2
3 6 99 3 30 12 it is 21 33 204 34 4 21 3

&5 * A 74 26 94 33 3 39 5 12 19 13 1 9 2
U I 5 3 134 25 5 it 33 II U1 37 2 3 4

A 72 a6 U9 2 113 29 23 19 24 14 3 14 2
* 75 73 234 29 1 31 14 23 3113 37 3. 31 7

* a 7t z? 37 34 it if a3 17 32 9 1 12 3
* 1 33 397 a3 7 1 to 29 47 17 3 if 5

9 A 60 33 313 51 1 23 is it a3 27 1 13 2
A '3 a3 1769 4 9 4 i 41 39 4 1 5

to A9 79 23 427 37 32 it 27 39 24 U3 3 33 2
4 U a 53 it1 4 23 1 2 1 1 1 *

33 4 7 33 37 97 7 24 39 Is 24 to I i3 2
U 33 27 IN3 14 9 9 13 so 37 2 1 10 4

12 A 74 3U 393 59 A I7 33 i3 134 26 11 33 32
A 79 32 37 59 4 24 39 21 43 211 2 19 3

33 A 6 U9 39 3 6 3 9 24 23 32 I35 U 4 21 3
1 814 r/a 64 2 1 t 4 &/s 339 4 3 11

34 a 72 51 33 V7 9 37 19 9 0 9 1 0 9
A 97 U 3 39 1 21 is 39 IN4 24 4 33 9

13 A 77 V3 326 46 it 73 23 is 93 32 2 1 1
N 70 73 399 29 6 39 12 33 54 23 2 1 7

16 4 72 3t ;0 37 33 a 24 19 4/4 33 off 34 rn/6
1 74 32 299 17 39 9 :0 ;b -Ila 49 aa 27 At&

17 A 7 1 IS 63 34 V 14 24 1 it A I & 2
4 4/4 6/4 1/& 4/1 46 1/0 a/& Rio $/a 10 ala Its 411

to5 IS 7 9 64 33 if 39 7 14 IA,1 5 13 7
* 74 39 343 33 lit 433 39 3 3 3 i

39 3 7 4 .17 93 51 31 11 32 25 14 2 4 3

3 77 39 21 53 7 39 39 34 24 33 2 33 2
A ?S 75 7 $if 332 5 43 32 5 4 4 1 4 1

* 77 47 429 312 4 39 12 0 52 Is 4 6 9
23 a 43 47 299 49 7 21 i5 I/a Ila 6/4 o/l a Gls

4 76 14 59 3 6 33 to 3 7 a3 3 33 9. 3 6
22 A 99 49 49 in2 9 32 23 15 99 22 4 . it 9t

I 73 52 434 3I7 5 3 7 3t 13 3U 4 32 33
1 3 a is 1 ?5p 27 21 24 32 12 33 1 1 1 1

0 73 23 Sit 39 13 a3 77 23 53 I? 3 it 3
24 A 39 49 293 V9 is 36 39 6 3 3 4

125 61 .3 9 30 43 12 .1 1 21 33 33 3 14
of a/a viarna 6/4 fl/a 4/6 1n/& 1/0 all 04 a/$ Il4 A/

23 9 44 77 73 11 29 27 37 97 23 .3 33
4 75 56 i77 94 7 $4 a3 33 Is is & 1 1

-I27 4 73 44 197 If 1 33 I9 I3 32 32 1 t
a 75 32 3I3 44 7 24 14 21 76 43 2 39 4

IS a ho 57 %x It 7 49 32 to 9 9 1 1 1
4 1 3 01 7 379 54 7 U4 Is 44 19 4 6 1

a/& - met ,aalil
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* .~..Table 1-4

Rounds Fired Per Tank Per Battalion

-~Mission: Defenld (Day) Defend (Might) Offense(Day)

Xof Rounds Iof Rounds Xof Rounds
Fired/Tank Fired/Tank Fired/Tank

SD! TP

I IA 8.4583 W/A 14.7500
114 19.6923 N/A 19.3846

2 2A 8.9048 1.4762 19.4286
2M 4.6667 N/A 8.6667

3 3A 5.6667 5.1111 13.6667
3M 9.1818 5.7273 25.1818

4 4A 8.2667 5.5333 14.6333
4M 8.5714 3.5714 12.7857

5 5A 8.8095 8.8571 16.4762
5M 35.1111 N/A 34.2222

6 6A 5.5833 2.9167 4.0633
6SM 11.3333 4.7778 14.8889

7 7A 12.6538 8.1538 25.4615
7M 26.4000 6.4000 23.4000

8 SA 8.3214 5.3929 13.2857
am 14/A 1.0909 17.9091

K.9 9A 6.3704 9.6667 11.6667
914 10.2308 15.0000 13-5385

10 1OA 9.0345 3.4483 14.7241
1014 13.9167 10.4839 6.8333

12 IIA 17.3548 11.5455 12.1935
1114 13.0000 11.5455 10.9091

12 12A 5.9655 4.3793 12.44S3
12M 5.7273 5.6364 33.8182

13 13A 8.0741 8.7037 20.3704
*13K 9.4000 U/A 6.4000

14 14A 12.9000 8.4000 29.0500
2.14M 11.2308 5.0000 15.7692

15 15A 7.9000 6.1667 17.5333
1514 3.2000 13.1333 13.0667

16 I6A 3.9583 6.4583 7.8333
1614 6.0000 5.9231 20.6923

17 17A 4.8108 4.0542 9.0811
1714 N/A N/A N/A

18 ISA 13.3103 16.5862 17.1034
ism 17.3333 16.4167 28.4167

19 19A 5.4000 14.1500 14.9500
1914 14.8500 8.1500 29.0500

20 20). 5.7813 6.8125 16.0625
2014 7.7857 7.7857 30.6429

21 21A 7.7407 4.5185 10.9630
%2114 13.0991 9.8182 27-0455

22 22A 24.2143 6.1071 23.1786
2214 10.0870 6.7391 27.5652

23 23A 6.0000 10.1429 27.1071
2314 12.8846 12.3462 20.3846

24 24A 14.0400 13.4000 2117200
24M N/A 7.3636 11-8182

25 25A 7.1034 10.1724 17.5862
2514 N/A N/A N/A

26 26A 17.1111 14.3704 28.5926
26M4 21.3333 8.5238 32.2381

27 27A 5.9259 X/A 22.1111
2714 9.0909 13.3636 29.8182

28 28A 8.2222 10.9259 19.9259
28M 4.4762 9.6667 17.9048
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.AITAUON TASK FORCE LIVE.FIRE PERFORMANCE PROFILE
MISSION: MOVEMENT TO CONTACT (OAY)
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